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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Non-aqueous electrolyte secondary batteries used as electric power sources for portable electronic equip- 
ments in recent years include a lithium-containing transition metal oxide in the positive electrode and a carbon material 
capable of absorbing and desorbing lithium in the negative electrode, thereby having high power and high energy 
density. The positive and negative electrodes include respective binders for binding active material particles together. 
As the binder in the negative electrode, used are polyvinylidene difluoride (PVDF) or styrene-butadiene rubber (SBR), 

10 for example. 

[0002] To impart sufficient strength to the negative electrode, it is necessary to mix a large amount of binder with a 
negative electrode active material such as the above carbon material. If a large amount of binder is used, however, 
the surface of the carbon material is covered with the binder. This reduces the surface area of the carbon material 
contributable to charging and discharging reaction, and thus deteriorates the high-rate discharge characteristics and 
15 the low-temperature characteristics of the battery. To compensate this, the salt concentration in the non-aqueous elec- 
trolyte must be increased. 

[0003] However, increase of the salt concentration will enhance the reactivity of the electrolyte when the battery is 
under a high temperature and overcharged. Therefore, the battery temperature tends to easily rise, and thus the safety 
may be impaired. 

20 [0004] In addition, if most of the surface of the carbon material is so covered with the binder that the surface area of 
the carbon material contributable to the charging and discharging reaction reduces, the carbon material fails to absorb 
a sufficient amount of Li. As a result, metallic Li is deposited on the surface of the carbon material, and thus the safety 
of the battery may further be impaired. 

[0005] Also, the high-rate discharge characteristics of the batteries are greatly influenced by the affinities between 
25 the non-aqueous electrolyte and the electrodes, which depend on the amount and kind of the binders. If the permeability 
of the non-aqueous electrolyte into one of the electrodes is too high, the distribution of the non-aqueous electrolyte 
inside the battery is nonuniform, and thus the high-rate discharge characteristics are impaired. 

BRIEF SUMMARY OF THE INVENTION 

30 

[0006] The present invention relates to a non-aqueous electrolyte secondary battery. The present invention also 
relates to a negative electrode for a non-aqueous electrolyte secondary battery. 

[0007] More particularly, the present invention relates to a non-aqueous electrode secondary battery having a neg- 
ative electrode including a specific binder and a non-aqueous electrolyte with a low salt concentration, which exhibits 
35 good high-rate discharge characteristics and low-temperature characteristics, and which also ensures high safety. 
[0008] The present invention also relates to a negative electrode including a specific binder and an active material, 
of which the surface area contributable to the charging and discharging reaction is sufficient while securing the strength 
of the electrode. 

[0009] Specifically, the present invention relates to a non-aqueous electrolyte secondary battery comprising: a pos- 
40 jtive electrode comprising a compound oxide containing lithium; a negative electrode comprising a carbon material; a 
separator interposed between the positive electrode and the negative electrode; and a non-aqueous electrolyte com- 
prising a non-aqueous solvent and LiPF 6 dissolved therein, wherein the negative electrode contains 0.6 to 1 .7 parts 
by weight of a particulate modified styrene-butadiene rubber and 0.7 to 1 .2 parts by weight of a thickening agent per 
1 00 parts by weight of the carbon material where the total amount of the particulate modified styrene-butadiene rubber 
45 and the thickening agent is 1 .3 to 2.4 parts by weight per 1 00 parts by weight of the carbon material, and the concen- 
tration of LiPF 6 in the non-aqueous electrolyte is 0.6 to 1 .05 mole/liter. 

[0010] Herein, the particulate modified styrene-butadiene rubber preferably contains a copolymer comprising an 
acrylonitrile unit, a styrene unit, and a butadiene unit. 

[0011] All or a part of the copolymer is preferably in a form of a core-shell type particle. 
50 [0012] In a FT-IR absorption spectrum of the copolymer comprising an acrylonitrile unit, a styrene unit, and a buta- 
diene unit, the intensity of the absorption peak attributed to C=N stretching vibration in the acrylonitrile unit is preferably 
0.1 to 2, and more preferably 0.1 to 0.5 times the intensity of the absorption peak attributed to C=C stretching vibration 
in the butadiene unit. 

[001 3] It is preferable that the mean particle size of the particulate modified styrene-butadiene rubber is 0.05 to 0.4jim. 
55 [0014] It is also preferable that the thickening agent is carboxymethyl cellulose. 

[0015] It is still also preferable that the concentration of LiPF 6 in the non-aqueous electrolyte is 0.7 to 0.9 mole/liter. 
[001 6] The positive electrode preferably contains 0.4 to 2 parts by weight of a particulate modified acrylic rubber per 
1 00 parts by weight of the compound oxide containing lithium. 
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[0017] The particulate modified acrylic rubber preferably contains a copolymer comprising a 2-ethylhexylacrylate 
unit, an acrylic acid unit, and an acrylonitrile unit. 

[0018] In a FT-IR absorption spectrum of the copolymer comprising a 2-ethylhexylacrylate unit, an acrylic acid unit, 
and an acrylonitrile unit, the intensity of the absorption peak attributed to C=0 stretching vibration in the 2-ethylhexy- 
5 lacrylate unit and acrylic acid unit is preferably 3 to 50 times the intensity of the absorption peak attributed to C=N 
stretching vibration in the acrylonitrile unit. 

[0019] The present invention also relates to a negative electrode for a non-aqueous electrolyte secondary battery 
comprising: a carbon material as an active material; 0.6 to 1.7 parts by weight of the particulate modified styrene- 
butadiene rubber as a binder per 100 parts by weight of the carbon material; and 0.7 to 1.2 parts by weight of a 
10 thickening agent per 1 00 parts by weight of the carbon material, wherein the total amount of the particulate modified 
styrene-butadiene rubber and the thickening agent is 1 .3 to 2.4 parts by weight per 1 00 parts by weight of the carbon 
material. 

[0020] The present invention still also relates to a negative electrode for a non-aqueous electrolyte secondary battery 
comprising: a carbon material as an active material; and the particulate modified styrene-butadiene rubber as a binder; 
15 wherein the surface area of the carbon material is 300 to 600 m 2 per 1 gram of the particulate modified styrene- 
butadiene rubber. 

[0021] Note that in the FT-IR absorption spectrum, the intensity of the absorption peak is obtained as the height of 
the absorption peak from the base line of the spectrum. 

[0022] While the novel features of the invention are set forth particularly in the appended claims, the invention, both 
20 as to organization and content, will be better understood and appreciated, along with other aims and features thereof, 
from the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

25 [0023] 

FIG. 1 is a cross-sectional view of a rectangular battery as an example of the non-aqueous electrolyte secondary 
battery of the present invention. 

FIG. 2 is an example of an absorption spectrum obtained by FT-IR measurement of a particulate modified styrene- 
30 butadiene rubber. 

FIG. 3 is an example of a transmission spectrum obtained by FT-IR measurement of SBR. 

FIG. 4 is an example of an absorption spectrum obtained by FT-IR measurement of a particulate modified acrylic 

rubber. 

FIG. 5 is an example of a transmission spectrum obtained by FT-IR measurement of a copolymer comprising an 
35 ethylene unit and a vinyl alcohol unit. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The non-aqueous electrolyte secondary battery of the present invention uses a negative electrode including 
40 a specific binder and a thickening agent at a specific ratio, and a non-aqueous electrolyte with a low salt concentration, 
to improve the high-rate discharge characteristics, the low-temperature characteristics, and the safety of the battery. 
When a positive electrode including a specific binder of a specific amount is used together with the negative electrode 
and the non-aqueous electrolyte described above, a further improved battery is provided. 

[0025] The negative electrode of the present invention includes a negative electrode material mixture and a core 
45 member, for example. 

[0026] The negative electrode material mixture is prepared by blending a carbon material as an active material, a 
particulate modified styrene-butadiene rubber and a thickening agent at a predetermined ratio. The term "modified" of 
the particulate modified styrene-butadiene rubber used herein means that the particulate modified styrene-butadiene 
rubber contains at least an acrylonitrile unit. 
so [0027] The negative electrode is produced by providing the negative electrode material mixture to the core member, 
which is made of metal foil such as copper foil or punched metal, rolling the resultant member, and cutting the rolled 
member. 

[0028] From the viewpoint of reduction in size and weight of the battery, the thickness of the core member is generally 
about 8 to 20 jam, and the thickness of the negative electrode is generally 80 to 200 \xm. 
55 [0029] A carbon powder such as a graphite powder is used as the carbon material that is the negative electrode 
active material. In particular, flake graphite and a spherical artificial graphite are preferably used. The mean particle 
size of the carbon powder is 20 to 30 jam, for example. The specific surface area of the carbon powder is 2 to 5 m 2 /g, 
for example. 
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[0030] The particulate modified styrene-butadiene rubber preferably contains a copolymer comprising an acrylonitrile 
unit, a styrene unit, and a butadiene unit. 

[0031] The copolymer is preferably in a form of a core-shell type particle. The core portion of the core-shell type 
particle has rubber-like elasticity and is made of a copolymer comprising an acrylonitrile unit, a styrene unit, a butadiene 
5 unit and an acrylate unit, for example, which is sufficiently cross-linked by use of an appropriate cross linking agent. 
The shell portion is made of a highly viscous polymer such as a copolymer comprising an acrylate unit and a styrene 
unit, for example. 

[0032] The core-shell type particles are obtained in the following two-stage process, for example. First, a raw material 
monomer mixture for the core portion including a cross linking agent is polymerized to produce a latex. In this process, 
10 high modulus of elasticity is imparted to the core portion by mixing acrylonitrile in the raw material monomer mixture 
for the core portion. Thereafter, a raw material monomer mixture for the shell portion is mixed with the latex to conduct 
graft-copolymerization to obtain the core-shell type particles. 

[0033] The above copolymer in a form of a core-shell type particle preferably comprises an acrylonitrile unit and a 
butadiene unit so that, in an absorption spectrum obtained by FT-IR measurement of the copolymer, the intensity of 

15 the absorption peak attributed to the C=N stretching vibration in the acrylonitrile unit is 0.1 to 2 times the intensity of 
the absorption peak attributed to the C=C stretching vibration in the butadiene unit. If the intensity of the peak attributed 
to the C=N stretching vibration is less than 0.1 times the intensity of the peak attributed to the C=C stretching vibration, 
the rubber-like elasticity of the modified styrene-butadiene rubber is insufficient. As a result, the particulate modified 
styrene-butadiene rubber fails to provide a sufficient strength to the negative electrode. In addition, the surface of the 

20 active material is excessively covered with the modified styrene-butadiene rubber. On the contrary, if the intensity of 
the absorption peak attributed to the C=N stretching vibration is more than twice the intensity of the absorption peak 
attributed to the C=C stretching vibration, the stickiness of the particulate modified styrene-butadiene rubber is insuf- 
ficient. As a result, the negative electrode material mixture tends to easily come off from the core member. 
[0034] The mean particle size of the particulate modified styrene-butadiene rubber is preferably 0.05 to 0.4 jam. When 

25 the mean particle size is in this range, a sufficiently strong negative electrode can be obtained using a small amount 
of the particulate modified styrene-butadiene rubber. If the mean particle size is too small, most of the surface of the 
active material is covered with the particulate modified styrene-butadiene rubber. If the mean particle size is too large, 
on the other hand, the distance between the adjacent active material particles is so large that the conductivity inside 
the negative electrode decreases. 

30 [0035] The amount of the particulate modified styrene-butadiene rubber in the negative electrode material mixture 
is 0.6 to 1 .7 parts by weight per 1 00 parts by weight of the carbon material as the negative electrode active material. 
If the amount of the particulate modified styrene-butadiene rubber is too small, the negative electrode fails to have a 
sufficient strength, and thus the mixture tends to easily come off from the core member. If the amount is too large, on 
the other hand, the reaction surface area of the active material become so small that the high-rate discharge charac- 

35 teristics deteriorate. 

[0036] In the conventional case of using PVDF as the binder, the preferred amount of the binder in the negative 
electrode material mixture is 5 to 1 0 parts by weight per 1 00 parts by weight of the carbon material. In the case of SBR, 
the amount is preferably 2 to 5 parts by weight. This indicates that the negative electrode material mixture according 
to the present invention includes a significantly reduced amount of the binder compared with the conventional negative 

40 electrode material mixture. 

[0037] The surface area of the carbon material included in the negative electrode is preferably 300 to 600 m 2 per 1 
gram of the particulate modified styrene-butadiene rubber included in the negative electrode. If the surface area of the 
carbon material per 1 gram of the particulate modified styrene-butadiene rubber is less than 300 m 2 , the active material 
is excessively covered with the binder, resulting in deterioration of the battery charging characteristics and thus short- 

45 ening the cycle life of the battery. If the surface area is more than 600 m 2 /g, the adhesion of the negative electrode 
material mixture to the core member decreases due to an insufficient amount of the binder. 

[0038] As the thickening agent mixed in the negative electrode material mixture, used are cellulose type thickening 
agents such as carboxymethyl cellulose (CMC) and/or a copolymer comprising an ethylene unit and a vinyl alcohol 
unit, for example. These may be used alone or in combination of two or more of them. Among these thickening agents, 

50 CMC is preferably used. 

[0039] The amount of the thickening agent in the negative electrode material mixture is suitably 0.7 to 1 .2 parts by 
weight per 100 parts by weight of the carbon material as the negative electrode active material. If the amount of the 
thickening agent is too small, the negative electrode material mixture fails to become pasty and thus tends to easily 
come off from the core member. If the amount is too large, on the other hand, the active material is covered with the 

55 thickening agent too much, resulting in decrease of the reaction surface area. 

[0040] It is preferable that the total amount of the particulate modified styrene-butadiene rubber and the thickening 
agent should be 1 .3 to 2.4 parts by weight per 100 parts by weight of the carbon material as the negative electrode 
active material. If the total amount is less than 1 .3 parts by weight, the active material particles fail to be sufficiently 
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bound with each other, resulting in insufficient strength of the negative electrode. If the total amount is too large, the 
active material is excessively covered with the binder and the thickening agent, resulting in decrease of the reaction 
surface area. 

[0041] In the present invention, the positive electrode includes a positive electrode material mixture and a core mem- 
5 ber, for example. 

[0042] The positive electrode material mixture is prepared by blending a positive electrode active material, a con- 
ductive agent and a binder at a predetermined ratio. 

[0043] The positive electrode is obtained by providing the positive electrode material mixture to the core member, 
which is made of metal foil such as aluminum foil or punched metal, rolling the resultant member, and cutting the rolled 
10 member. From the viewpoint of reduction in size and weight of the battery, the thickness of the core member is generally 
about 8 to 20 jo,m, and the thickness of the positive electrode is generally 80 to 200 j-im. 

[0044] The positive electrode active material includes a compound oxide containing lithium such as LiCo0 2 , LiNi0 2 
or LiMn 2 0 4 , for example. These may be used alone or in combination of two or more of them. 
[0045] The conductive agent mixed in the positive electrode material mixture, may be selected from a natural graphite 
15 such as flake graphite, an artificial graphite such as vapor-phase growth graphite and a carbon black such as acetylene 
black. These may be used alone or in combination of two or more of them. 

[0046] The binder mixed in the positive electrode material mixture, may be selected from a particulate modified acrylic 
rubber and/or PVDF, for example. Among these, a particulate modified acrylic rubber is preferable. A particulate mod- 
ified acrylic rubber is available, for example, in a form of a dispersion with water or an organic solvent as the dispersion 
20 medium. A dispersion using an organic solvent is preferable. The mean particle size of the particulate modified acrylic 
rubber is preferably 0.05 to 0.3 jam. When the mean particle size is in this range, a positive electrode which is nicely 
balanced in strength, active material density and porosity is obtained. 

[0047] The term "modified" of the particulate modified acrylic rubber used herein means that the particulate modified 
acrylic rubber contains at least an acrylonitrile unit. 

25 [0048] The particulate modified acrylic rubber contains preferably a copolymer comprising a 2-ethylhexylacrylate 
unit, an acrylic acid unit, and an acrylonitrile unit. Also preferably, in an absorption spectrum obtained by FT-IR meas- 
urement of the copolymer, the intensity of the absorption peak attributed to the C=0 stretching vibration in the 2-ethyl- 
hexylacrylate unit and the acrylic acid unit is 3 to 50 times the intensity of the absorption peak attributed to the C=N 
stretching vibration in the acrylonitrile unit. If the intensity of the peak attributed to the C=0 stretching vibration is less 

30 than 3 times the intensity of the peak attributed to the C=N stretching vibration, the stickiness of the particulate modified 
acrylic rubber is insufficient. If the intensity of the peak attributed to the C=0 stretching vibration is more than 50 times 
the intensity of the peak attributed to the C=N stretching vibration, the rubber-like elasticity of the particulate modified 
acrylic rubber is insufficient, and thus the strength of the positive electrode is lowered. 

[0049] The particulate modified acrylic rubber is preferably in a form of a core-shell type particle. The core portion 
35 of the core-shell type particle has rubber-like elasticity, and is made of a copolymer comprising an acrylonitrile unit, for 
example, which is sufficiently cross-linked by use of an appropriate cross linking agent. The shell portion is made of a 
highly viscous polymersuch as a copolymer comprising a 2-ethylhexylacrylate unitand an acrylic acid unit, forexample. 
The core-shell type particles can be produced by the similar two-stage process to that described above. 
[0050] The amount of the particulate modified acrylic rubber in the positive electrode material mixture is preferably 
40 0.4 to 2 parts by weight per 1 00 parts by weight of the positive electrode active material. If the amount of the particulate 
modified acrylic rubber is too small, the positive electrode fails to have a sufficient strength, and thus the mixture tends 
to easily come off from the core member. If the amount is too large, on the other hand, the porosity of the positive 
electrode is low, and thus the reaction surface area of the active material is small. This deteriorates the high-rate 
discharge characteristics. 

45 [0051] In the non-aqueous electrolyte secondary battery of the present invention, by using the particulate modified 
acrylic rubber as the binder in the positive electrode material mixture, suitable permeability of the non-aqueous elec- 
trolyte into both of the negative electrode and the positive electrode is attained. In addition, the permeability of the 
positive electrode side and that of the negative electrode side are well balanced, and thus the distribution of the non- 
aqueous electrolyte inside the battery is uniform. Therefore, the resultant battery exhibits excellent low-temperature 

50 characteristics and high-rate discharge characteristics. 

[0052] The permeability of the non-aqueous electrolyte into an electrode can be evaluated by observing the contact 
angle between the surface of the electrode and the non-aqueous electrolyte. The value of the contact angle is preferably 
10 to 30° although the value varies depending on the kind of the non-aqueous electrolyte and active material density 
of the electrode. If the contact angle is too small, the electrode absorbs the non-aqueous electrolyte so excessively 

55 that the high-rate discharge characteristics of the resultant battery become insufficient. If the contact angle is too large, 
on the other hand, the electrode hardly absorbs the non-aqueous electrolyte. In this case, also, the high-rate discharge 
characteristics of the battery deteriorate. 

[0053] In the FT-IR measurement, the absorption spectra of the particulate modified styrene-butadiene rubber and 
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the particulate modified acrylic rubber may be measured by using these materials applied on a KBr plate, respectively. 
In general, the absorption peak attributed to the C=C stretching vibration in the butadiene unit is observed near 880 
to 940 cm -1 . The absorption peak attributed to the C=0 stretching vibration in the 2-ethylhexylacrylate unit and the 
acrylic acid unit is observed near 1700 to 1760 cm -1 . The absorption peak attributed to the C=N stretching vibration 

5 in the acrylonitrile unit is observed near 2200 to 2280 cm -1 . 

[0054] The positive electrode and the negative electrode are laminated with a separator interposed therebetween, 
to form an electrode group. The electrode group may be wound. As the separator, used is a polyethylene micro-porous 
film, for example, having a thickness of 10 to 40 jxm, in general. In the case of producing a rectangular battery, the 
wound electrode group is compressed in diametrical direction to obtain a roughly elliptic section. 

10 [0055] FIG. 1 is a transverse cross-sectional view of a rectangular battery as an example of the non-aqueous elec- 
trolyte battery of the present invention, cut along the plane parallel to the winding direction of the electrode group. 
Referring to FIG. 1 , a rectangular battery case 1 is charged with the electrode group. In the electrode group, a sheet- 
like positive electrode plate 2 and a sheet-like negative electrode plate 3 are laminated with a separator 4 interposed 
therebetween, wound and compressed to have a certain ellipticity. 

15 [0056] As the non-aqueous solvent used for the non-aqueous electrolyte, those conventionally used for lithium ion 
secondary batteries can be used without any limitation. Examples of such non-aqueous solvents include ethylene 
carbonate, dimethyl carbonate, diethyl carbonate, ethylmethyl carbonate, and propylene carbonate. These may be 
used alone or in combination of two or more of them. 

[0057] The concentration of LiPF 6 in the non-aqueous electrolyte is 0.6 to 1.05 mole/liter. If the concentration of 
20 LiPF 6 is less than 0.6 mole/liter, the battery performance is deteriorated. If the concentration is more than 1 .05 mole/ 
liter, the safety of the battery is impaired. In order to obtain a non-aqueous electrolyte secondary battery exhibiting 
good high-rate discharge characteristics and low-temperature characteristics and ensuring high safety, the concentra- 
tion of LiPF 6 is preferably 0.7 to 0.9 mole/liter. 

[0058] Hereinafter, the present invention will be described specifically by way of examples. It should be noted that 
25 the present invention is not limited to the following examples. 

EXAMPLES 1 TO 9 AND COMPARATIVE EXAMPLES 1 TO 10 

[0059] Batteries A1 to S1 were produced in the manner described below, and the characteristics of the resultant 
30 batteries were evaluated. 

(i) Production of negative electrode 

[0060] Negative electrode material mixtures having predetermined compositions for batteries A1 to S1 were prepared 
35 using predetermined binders. Flake graphite was used as the negative electrode active material, and carboxymethyl 
cellulose (CMC) was used as the thickening agent. As the binder, those shown in Table 1 were used. In Table 1 , also 
shown are the respective amounts of the binder and the thickening agent, as well as the total amount thereof, per 1 00 
parts by weight of the active material in the negative electrode material mixture for each battery. 

40 Table 1 





Amount (part(s) by weight) 




Example No. 


Battery 


Binder 


Binder 


Thickening agent 


Total 


Salt concentration in 
electrolyte (M) 


Comparative Ex.1 


A1 


BM400B 


1.2 


1.2 


2.4 


1.1 


Ex.1 


B1 


BM400B 


1.2 


1.2 


2.4 


1.05 


Ex.2 


C1 


BM400B 


1 


1 


2 


0.9 


Comparative Ex. 2 


D1 


MPE 


1 


1 


2 


0.9 


Comparative Ex. 3 


E1 


SBR 


1 


1 


2 


0.9 


Comparative Ex. 4 


F1 


PVDF 


4 


0 


4 


0.9 


Ex. 3 


G1 


BM400B 


1 


1 


2 


0.7 


Comparative Ex. 5 


H1 


BM400B 


0.5 


1.2 


1.7 


0.6 


Ex. 4 


11 


BM400B 


0.6 


0.7 


1.3 


0.6 
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Table 1 (continued) 





Amount (part(s) by weight) 




Example No. 


Battery 


Binder 


Binder 


Thickening agent 


Total 


Salt concentration in 
electrolyte (M) 


Ex. 5 


J1 


BM400B 


0.6 


1.2 


1.8 


0.6 


Comparative Ex. 6 


K1 


BM400B 


0.6 


1.3 


1.9 


0.6 


Ex. 6 


L1 


BM400B 


1 


1 


2 


0.6 


Ex. 7 


M1 


BM400B 


1.2 


1.2 


2.4 


0.6 


Ex. 8 


N1 


BM400B 


1.4 


1 


2.4 


0.6 


Comparative Ex. 7 


01 


BM400B 


1.4 


1.2 


2.6 


0.6 


Ex. 9 


P1 


BM400B 


1.7 


0.7 


2.4 


0.6 


Comparative Ex. 8 


Q1 


BM400B 


1.7 


0.6 


2.3 


0.6 


Comparative Ex. 9 


R1 


BM400B 


1.8 


0.7 


2.5 


0.6 


Comparative Ex. 10 


S1 


BM400B 


0.6 


0.7 


1.3 


0.55 


Ex. 10 


T1 


BM400B 


1 


1 


2 


0.9 



[0061] Details of the binders shown in Table 1 are as follows. 

[0062] BM400B: Particulate modified styrene-butadiene rubber having a mean particle size of 0.2 ja,m, manufactured 
by Nippon Zeon Co., Ltd. 



MPE: Modified polyethylene 

SBR: Styrene-butadiene rubber (unmodified) 

PVDF: Polyvinylidene difluoride 

[0063] In the absorption spectrum obtained by FT-IR measurement of BM400B, the intensity of the absorption peak 
attributed to the C=N stretching vibration in the acrylonitrile unit is 0.5 times the intensity of the absorption peak at- 
tributed to the C=C stretching vibration in the butadiene unit. 

[0064] The absorption spectrum is shown in FIG. 2, which is obtained by the measurement using microscopic FT-IR; 
Continu jo,m with AVATAR-360 as a light source manufactured by Nicolet Instrument Corp., under the following condi- 
tions: 



Number of sample scans: 32 
Number of background scans: 32 
Resolving power: 4000 
Sample gain: 1 .0 



[0065] A sample for the measurement was prepared by dissolving BM400B in N-methyl-2-pyrrolidone, applying the 
obtained solution to a KBr plate, and drying the plate. 

[0066] In FIG. 2, the absorption peak observed near 2237 cm -1 is attributed to the C=N stretching vibration in the 
acrylonitrile unit, and the absorption peak observed near 911 cm -1 is attributed to the C=C stretching vibration in the 
butadiene unit. 

[0067] For comparison, a transmission spectrum obtained by FT-IR measurement of common unmodified SBR is 
shown in FIG. 3. The conditions, instrument, and the like are the same as those used for the measurement of the 
spectrum in FIG. 2. In FIG. 3, there is observed no absorption peak attributed to the C=N stretching vibration in the 
acrylonitrile unit near 2237 cm -1 . 

[0068] Each of the resultant negative electrode material mixture comprising the active material, the binder, and the 
thickening agent was applied to both surfaces of a core member made of 15 j_im thick copper foil, rolled to a thickness 
of 140 jim, and cut to a predetermined length, to obtain a negative electrode. A lead made of the same material as 
that of the core member was connected to the negative electrode. 
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(ii) Production of positive electrode 

[0069] Four parts by weight of PVDF as the binder and 3 parts by weight of acetylene black as the conductive agent 
were blended with 1 00 parts by weight of LiCo0 2 , to obtain a positive electrode material mixture. The resultant positive 
5 electrode material mixture was applied to both surfaces of a core member made of 20 ^im thick aluminum foil, rolled 
to a predetermined thickness, and cut to a predetermined length, to obtain a positive electrode. A lead made of the 
same material as that of the core member was connected to the positive electrode. 

(iii) Production of battery 

10 

[0070] The positive electrode and each of the negative electrodes obtained in the above manner were laminated 
with a separator interposed therebetween and then wound to obtain an electrode group. A polyethylene micro-porous 
film having a thickness of 27 jim was used as the separator. The wound electrode group was compressed in diametrical 
direction to have a roughly elliptic section. 
15 [0071] For preparation of a non-aqueous electrolyte, LiPF 6 was dissolved in a mixture of equal volumes of ethylene 
carbonate and ethylmethyl carbonate as a non-aqueous solvent so that the salt concentration by mole/liter (M) was 
as shown in Table 1 for each battery. 

[0072] The electrode group was housed in a predetermined aluminum case with insulating rings placed on the top 
and bottom surfaces of the electrode group with 3.2 g of the non-aqueous electrolyte. The leads of the negative and 
20 positive electrodes were connected to predetermined positions, respectively. Then, the opening of the case was sealed 
with a sealing plate, to complete each of the batteries A1 to S1 . Each of the batteries is in the shape of a rectangle 
having a width of 30 mm, a height of 48 mm, and a thickness of 5 mm, and has a nominal capacity of 600 mAh. 
[0073] The resultant batteries were evaluated in the following points. 

25 (j) Low-temperature characteristics 

[0074] Batteries A1 to S1 were charged until the battery voltage reached 4.2 V at 600 mA in an atmosphere of 0 °C, 
and the charged capacity (C LT ) in this state was measured. The results are shown in Table 2. 

30 (ii) High-rate discharge characteristics 

[0075] Batteries A1 to S1 were charged until the battery voltage reached 4.2 V at 600 mA and then discharged until 
the battery voltage decreased to 3 V at 120 mA, in an atmosphere of 20 °C. Subsequently, the batteries were charged 
until the battery voltage reached 4.2 V at 600 mA and then discharged until the battery voltage decreased to 3 V at 
35 1 200 mA. The discharge capacities were measured at the two discharging operations, and the ratio (C 12 o(/^i2o) °f 
the latter to the former was calculated. The results expressed as a percentage are shown in Table 2. 

(iii) Capacity maintenance rate 

40 [0076] For each of the batteries A1 to S1 , the operation of charging the battery until the battery voltage reached 4.2 
V at 600 mA and then discharging the battery until the battery voltage decreased to 3 V at 600 mA was repeated 200 
times in an atmosphere of 20 °C. The ratio (0 2 oo^C^ st ) of the discharge capacity at the 200th operation to that at the 
first operation was calculated. The results expressed as a percentage are shown in Table 2. 

45 (jv) Overcharge test 

[0077] For each of the batteries A1 to S1 , charging was continued at 1 260 mA in an atmosphere of 20 °C and stopped 
when the battery surface temperature reached 80 °C. The batteries were then left to stand for a while, to examine the 
surface temperature. The battery of which the surface temperature rose to 90 °C or more was evaluated as "x", while 
50 the battery of which the surface temperature was less than 90 °C was evaluated as "O". The results are shown in Table 
2. The batteries evaluated as "O" can be considered to have sufficient safety. 



Table 2 



Example No. 


Battery 


C|_j (mAh) 


^1 200^1 20 (%) 


C 200th /C 1st (° /o ) 


Over charge test 


Comparative Ex.1 


A1 


297 


95 


94 


X 


Ex.1 


B1 


297 


95 


93 


O 
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Table 2 (continued) 



Example No. 


Battery 


C LT (mAh) 


^120(/^120 ( 0// °) 


C 200th/ C 1st (° /o ) 


Over charge test 


Ex.2 


C1 


298 


95 


93 


O 


Comparative Ex. 2 


D1 


208 


91 


85 


X 


Comparative Ex. 3 


E1 


285 


94 


92 


X 


Comparative Ex. 4 


F1 


216 


92 


87 


X 


Ex. 3 


G1 


272 


86 


87 


O 


Comparative Ex. 5 


H1 


- 


- 


- 


- 


Ex. 4 


11 


249 


75 


82 


O 


Ex. 5 


J1 


242 


73 


80 


o 


Comparative Ex. 6 


K1 


146 


53 


53 


X 


Ex. 6 


L1 


235 


72 


79 


O 


Ex. 7 


M1 


227 


71 


76 


O 


Ex. 8 


N1 


200 


67 


72 


O 


Comparative Ex. 7 


01 


120 


47 


45 


X 


Ex. 9 


P1 


214 


70 


74 


O 


Comparative Ex. 8 


Q1 










Comparative Ex. 9 


R1 


164 


60 


62 


X 


Comparative Ex. 1 0 


S1 


148 


49 


63 


O 


Ex. 10 


T1 


320 


97 


95 


O 



[0078] From the results in Table 2, the followings are found. 

[0079] Among the batteries in which the salt concentration in the non-aqueous electrolyte is in the range of 0.6 to 
1.05 mole/liter, those that use the particulate modified styrene-butadiene rubber in the negative electrode material 
mixture exhibit high safety. On the contrary, battery A1 of comparative example 1 , in which the salt concentration in 
the non-aqueous electrolyte is 1 .1 mole/liter, is insufficient in safety. Battery S1 of comparative example 10, in which 
the salt concentration in the non-aqueous electrolyte is 0.55 mole/liter, is insufficient in low-temperature characteristics, 
high-rate discharge characteristics, and capacity maintenance rate. 

[0080] Batteries D1 to F1 of comparative examples 2 to 4, in which the particulate modified styrene-butadiene rubber 
is not used in the negative electrode material mixture, are insufficient in safety and low-temperature characteristics. In 
particular, in battery F1 , which used conventionally used PVDF as the binder in the negative electrode material mixture, 
the electrode plates were cracked during the production of the electrode group and have insufficient strength although 
the amount of the binder was larger than that in the other batteries. 

[0081] Table 2 indicates that the preferred amount of the particulate modified styrene-butadiene rubber is 0.6 to 1 .7 
parts by weight per 1 00 parts by weight of the active material. Battery H1 , which included the binder in the amount of 
0.5 parts by weight, had difficulty in production of a negative electrode and thus failed to be evaluated. Battery R1 , 
which included the binder in the amount of 1 .8 parts by weight, was insufficient in high-rate discharge characteristics 
and capacity maintenance rate. 

[0082] Table 2 also indicates that the preferred amount of the thickening agent is 0.7 to 1 .2 parts by weight per 1 00 
parts by weight of the active material. Battery Q1 , which included the thickening agent in the amount of 0.6 parts by 
weight, had difficulty in production of a negative electrode and thus failed to be evaluated. Battery K1 , which included 
the thickening agent in the amount of 1 .3 parts by weight, was insufficient in high-rate discharge characteristics and 
capacity maintenance rate. 

[0083] Table 2 further indicates that the preferred total amount of the particulate modified styrene-butadiene rubber 
and the thickening agent is 1 .3 to 2.4 parts by weight per 1 00 parts by weight of the active material. Batteries 01 and 
R1 , of which the total amount was 2.5 parts by weight or more, were insufficient in high-rate discharge characteristics 
and capacity maintenance rate. 
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EXAMPLE 10 

[0084] The positive electrode material mixture was prepared in the same manner as that employed in Example 2 

except that 0.53 parts by weight of BM500B as the binder and 0.27 parts by weight of BM700H as the thickening agent 
5 were blended with 1 00 parts by weight of LiCo0 2 . Using the resultant positive electrode material mixture, battery T1 

was produced and evaluated, as in battery C1 of Example 2. The results are shown in Table 2. 

[0085] Details of the binder and the thickening agent used in the positive electrode material mixture are as follows. 

[0086] BM500B: Particulate modified acrylic rubber manufactured by Nippon Zeon Co., Ltd. 

[0087] BM700H: A copolymer comprising an ethylene unit and a vinyl alcohol unit manufactured by Nippon Zeon 
10 Co., Ltd. 

[0088] In the absorption spectrum obtained by FT-IR measurement of BM500B, which is shown in FIG. 4, the intensity 
of the absorption peak attributed to the C=0 stretching vibration in the 2-ethylhexylacrylate unit and the acrylic acid 
unit is about 1 0 times the intensity of the absorption peak attributed to the C=N stretching vibration in the acrylonitrile 
unit. 

15 [0089] The measurement conditions, instrument, and the like are the same as those for the measurement of the 
spectrum in FIG. 2. In FIG. 4, the absorption peak observed near 2240 cm -1 is attributed to the C=N stretching vibration 
in the acrylonitrile unit, and the absorption peak observed near 1 733 cm -1 is attributed to the C=0 stretching vibration 
in the 2-ethylhexylacrylate unit and the acrylic acid unit. 

[0090] The transmission spectrum obtained by FT-IR measurement of BM700H is shown in FIG. 5. The measurement 
20 conditions, instrument, and the like are the same as those for the measurement of the spectrum in FIG. 2. In FIG. 5, 
the two absorption peaks observed near 2852 cm -1 and near 2930 cm -1 are attributed to an OH group of the vinyl 
alcohol unit adjacent to the ethylene unit. 

[0091] As is found from the evaluation results of Table 2, battery T1 was superior in all the low-temperature charac- 
teristics, the high-rate discharge characteristics, and the capacity maintenance rate to the batteries of Examples 1 to 
25 and was sufficient in safety. This indicates that the use of the particulate modified acrylic rubber as the binder in the 
positive electrode material mixture dramatically improves the battery characteristics. 

[0092] From the above results, it is evident that the present invention can provide a non-aqueous electrolyte sec- 
ondary battery that exhibits good high-rate discharge characteristics and low-temperature characteristics and ensures 
high safety. 

30 

EXAMPLES 11 TO 15 AND COMPARATIVE EXAMPLES 11 TO 18 

[0093] Batteries A2 to M2 were produced in the manner described below, and the characteristics of the batteries 
were evaluated. 

35 

(i) Production of negative electrode 

[0094] Negative electrode material mixtures for negative electrodes of the respective batteries were prepared using 
artificial graphites in the forms shown in Table 3 as the active material and binders shown in Table 3. In Table 3, also 
40 shown are the specific surface area of the artificial graphite as the active material, the amount of the binder per 1 00 
parts by weight of the active material in the negative electrode material mixture, and the value of S Tota |/W Bjnder obtained 
by dividing the total surface area of the active material in the mixture by the amount of the binder in the mixture. Note 
that CMC as the thickening agent was mixed in the amount of 1 .3 parts by weight per 1 00 parts by weight of the active 
material except for the case where PVDF was used as the binder. 

45 

Table 3 







Graphite 


Binder 




Example No. 


Battery 


Form 


Surface area 
(m2/g) 


Kind 


Amount (Part(s) 
by weight) 


S Tota/ W Binder 

(m2/g) 


Comparative 
Ex. 11 


A2 


Bulk 


4.5 


BM400B 


0.5 


900 


Ex. 11 


B2 


Bulk 


4.5 


BM400B 


0.75 


600 


Ex. 12 


C2 


Bulk 


4.5 


BM400B 


1 


450 


Ex. 13 


D2 


Bulk 


4.5 


BM400B 


1.5 


300 
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Table 3 (continued) 







Graphite 


Binder 




Example No. 


Battery 


Form 


Surface area 
(m2/g) 


Kind 


Amount (Part(s) 
by weight) 


S Tota/ W Binder 

(m2/g) 


Comparative 
Ex. 12 


E2 


Bulk 


4.5 


BM400B 


2 


225 


Comparative 
Ex. 13 


F2 


Bulk 


4.5 


PVDF 


4.5 


100 


Comparative 
Ex. 14 


G2 


Bulk 


4.5 


PVDF 


7.5 


60 


Comparative 
Ex. 15 


H2 


Bulk 


4.5 


SBR 


1.5 


300 


Comparative 

r v ^ o 
tX. I D 


12 


Bulk 


4.5 


SBR 


2 2 


225 


uUI I IfJdl dLI Vc 

Ex. 17 




Bulk 


4.5 


MPE 


1.5 


ouu 


Comparative 
Ex. 18 


K2 


Bulk 


4.5 


MPE 


2 


225 


Ex. 14 


L2 


Spherical Bulk 


2.2 


BM400B 


0.7 


314 


Ex. 15 


M2 


Spherical 


3.2 


BM400B 


1 


320 



[0095] The resultant negative electrode material mixture was applied to both surfaces of a core member made of 1 5 
u.m thick copper foil, rolled to a thickness of 140 jam, and cut to a predetermined length, to obtain a negative electrode. 
A lead made of the same material as that of the core member was connected to the negative electrode. 

(ii) Production of positive electrode 

[0096] Positive electrodes were produced in the same manner described above in relation with the batteries A1 to S1 . 

(iii) Production of battery 

[0097] Batteries A2 to M2 were produced in the same manner as that for the batteries A1 to S1 , except for using a 
non-aqueous electrolyte containing 1 .0 mole/liter of LiPF 6 dissolved in the non-aqueous solvent. Each of the batteries 
was in the shape of a rectangle having a width of 30 mm, a height of 48 mm, and a thickness of 5 mm, and had a 
nominal capacity of 600 mAh. 

[0098] During production of the batteries, whether or not the negative electrode material mixture came off from the 
core member was examined. In Table 4, mark "x" indicates that the mixture came off, and mark "O" indicates the other 
results. 

[0099] The resultant batteries were evaluated in the following points, 
(i) Low-temperature characteristics and capacity recovery rate 

[0100] Batteries A2 to M2 were charged until the battery voltage reached 4.2 V at 600 mA and then discharged until 
the battery voltage decreased to 3 V at 120 mA, in an atmosphere of 20 °C. Subsequently, in an atmosphere of 0 °C, 
the batteries were charged until the battery voltage reached 4.2 V at 600 mA and then discharged until the battery 
voltage decreased to 3 V at 600 mA. Again, in an atmosphere of 20 °C, the batteries were charged until the battery 
voltage reached 4.2 V at 600 mA and then discharged until the battery voltage decreased to 3 V at 120 mA. 
[01 01 ] The charged capacity (C LT ) at the charging u ntil the battery voltage reached 4.2 V at 600 mA in an atmosphere 
of 0 °C was obtained for each battery. The results are shown in Table 4 as an indicator of the low-temperature char- 
acteristics of the battery. 

[01 02] Also obtained were the capacity at the first charging in an atmosphere of 20 °C and the capacity at the second 
charging in an atmosphere of 20 °C, and the ratio of the latter to the former was calculated. The results are shown in 
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Table 4 as the capacity recovery rate expressed as a percentage, 
(ii) Overcharge test 

5 [0103] The batteries used for the examination of the capacity recovery rate were charged at 1260 mA at 20 °C until 
the battery surface temperature became 80 °C. The batteries were then left to stand for a while to examine the change 
of the surface temperature. In Table 4, mark "x" indicates that the surface temperature rose to 90 °C or more, and 
mark "O" indicates the other results. 

10 (iii) Capacity maintenance rate 

[0104] The capacity maintenance rates (C200th/C 1st ) of the batteries A2 to M2 were obtained in the same manner 
described above with respect to the batteries A1 to T1 . The results are shown in Table 4. 



15 Table 4 





Example No. 


Battery 


Mixture 
coming ott 


C|_j (mAh) 


Capacity 
recovery raie 

(%) 


Overcharge test 


C 2 ooth/W 1st (%) 


20 


L/Omparauve 
Ex. 11 


AO 


X 












tX. 1 1 


DO 






yy .o 




yi 




tX. \ *L 






1 1 u 


QQ Q 


\j 


on k 

yu.o 




CX. I o 


no 




DO 


DO. I 




OO.O 




Comparative 
Ex. 12 


E2 


o 


11 


69.4 


X 


75.4 


30 


Comparative 
Ex. 13 


F2 


X 












Comparative 
Ex. 14 


G2 


O 


47 


84.4 


O 


74.3 


35 


Comparative 
Ex. 15 


H2 


X 












Comparative 
Ex. 16 


12 


O 


56 


86.5 


O 


74.5 


40 


Comparative 
Ex. 17 


J2 


X 












Comparative 
Ex. 18 


K2 


O 


39 


81.1 


o 


70.5 




Ex. 14 


L2 


o 


52 


85.2 


o 


86.7 


45 


Ex. 15 


M2 


o 


54 


84.8 


o 


87.7 



[0105] From the results in Table 4, the followings are found. 

[0106] The mixture came off from the core member when the surface area of the carbon material per 1 gram of the 
particulate modified styrene-butadiene rubber contained in the negative electrode was 900 m 2 . This indicates that the 
strength of the negative electrode is weak when the surface area of the carbon material per 1 gram of the particulate 
modified styrene-butadiene rubber in the negative electrode exceeds 600 m 2 . 

[0107] An abnormal temperature rise was observed in the overcharge test when the surface area of the carbon 
material per 1 gram of the particulate modified styrene-butadiene rubber in the negative electrode was 225 m 2 . This 
indicates that the safety of the battery may possibly be impaired when the surface area of the carbon material per 1 
gram of the particulate modified styrene-butadiene rubber in the negative electrode is less than 300 m 2 . This is pre- 
sumably because absorption of Li by the negative electrode active material becomes less easy and thus metallic Li is 
deposited on the surface of the active material. Also presumed is that this phenomenon tends to easily occur during 
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charging at a low temperature that causes large polarization. 

[0108] From the viewpoint of the low-temperature characteristics, the surface area of the carbon material per 1 gram 
of the particulate modified styrene-butadiene rubber in the negative electrode is most preferably in the range of 450 
to 600 m 2 . 

5 [0109] It is also found that the cycle life significantly decreases when a binder other than the particulate modified 
styrene-butadiene rubber is used in the negative electrode. 

[0110] As described above, according to the present invention, it is possible to secure the surface area of the active 
material of the negative electrode that can effectively contribute to the charging and discharging reaction while securing 
the strength of the negative electrode. Therefore, using the negative electrode of the present invention, it is possible 
10 to obtain a non-aqueous electrolyte secondary battery that is nicely balanced in the high-rate discharge characteristics, 
the low-temperature characteristics and the cycle life, and ensures high safety. 

[0111] Although the present invention has been described in terms of the presently preferred embodiments, it is to 
be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
15 disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifi- 
cations as fall within the true spirit and scope of the invention. 
[0112] The following are embodiments of the present invention: 

1 . A non-aqueous electrolyte secondary battery comprising: a positive electrode comprising a compound oxide 
20 containing lithium; a negative electrode comprising a carbon material; a separator interposed between said positive 

electrode and said negative electrode; and a non-aqueous electrolyte comprising a non-aqueous solvent and LiPF 6 
dissolved therein, 

wherein said negative electrode contains 0.6 to 1 .7 parts by weight of a particulate modified styrene-butadi- 
ene rubber and 0.7 to 1 .2 parts by weight of a thickening agent per 100 parts by weight of said carbon material 
25 where the total amount of said particulate modified styrene-butadiene rubber and said thickening agent is 1 .3 to 

2.4 parts by weight per 100 parts by weight of said carbon material, and the concentration of LiPF 6 in said non- 
aqueous electrolyte is 0.6 to 1 .05 mole/liter. 

2. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said particulate modified 
styrene-butadiene rubber contains a copolymer comprising an acrylonitrileunit, astyrene unit, and a butadiene unit. 

30 3. The non-aqueous electrolyte secondary battery in accordance with claim 2, wherein said copolymer is in a form 

of a core-shell type particle. 

4. The non-aqueous electrolyte secondary battery in accordance with claim 3, wherein, in a FT-IR absorption 
spectrum of said copolymer, the intensity of the absorption peak attributed to C=N stretching vibration in said 
acrylonitrile unit is 0.1 to 2 times the intensity of the absorption peak attributed to C=C stretching vibration in said 

35 butadiene unit. 

5. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein the mean particle size of 
said particulate modified styrene-butadiene rubber is 0.05 to 0.4 [im. 

6. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said thickening agent is 
carboxymethyl cellulose. 

40 7. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein the concentration of LiPF 6 

in said non-aqueous electrolyte is 0.7 to 0.9 mole/liter. 

8. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said positive electrode 
contains 0.4 to 2 parts by weight of a particulate modified acrylic rubber per 1 00 parts by weight of said compound 
oxide, and said particulate modified acrylic rubber contains a copolymer comprising a 2-ethylhexylacrylate unit, 

45 an acrylic acid unit, and an acrylonitrile unit. 

9. The non-aqueous electrolyte secondary battery in accordance with claim 8, wherein, in a FT-IR absorption 
spectrum of said copolymer, the intensity of the absorption peak attributed to C=0 stretching vibration in said 
2-ethylhexylacrylate unit and said acrylic acid unit is 3 to 50 times the intensity of the absorption peak attributed 
to C=N stretching vibration in said acrylonitrile unit. 

50 10. A negative electrode for a non-aqueous electrolyte secondary battery comprising: a carbon material as an 

active material; 0.6 to 1 .7 parts by weight of a particulate modified styrene-butadiene rubber as a binder per 1 00 
parts by weight of said carbon material; and 0.7 to 1 .2 parts by weight of thickening agent per 1 00 parts by weight 
of said carbon material, 

wherein the total amount of said particulate modified styrene-butadiene rubber and said thickening agent is 
55 1 .3 to 2.4 parts by weight per 1 00 parts by weight of said carbon material. 

1 1 . The negative electrode in accordance with claim 1 0, wherein said particulate modified styrene-butadiene rubber 
contains a copolymer comprising an acrylonitrile unit, a styrene unit, and a butadiene unit. 

12. The negative electrode in accordance with claim 11 , wherein said copolymer is in a form of a core-shell type 
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particle. 

1 3. The negative electrode in accordance with claim 12, wherein, in a FT-I R absorption spectrum of said copolymer, 
the intensity of the absorption peak attributed to C=N stretching vibration in said acrylonitrile unit is 0.1 to 2 times 
the intensity of the absorption peak attributed to C=C stretching vibration in said butadiene unit. 

5 14. A negative electrode for a non-aqueous electrolyte secondary battery comprising: a carbon material as an 

active material; and a particulate modified styrene-butadiene rubber as a binder; wherein the surface area of said 
carbon material is 300 to 600 m 2 per 1 gram of said particulate modified styrene-butadiene rubber. 
1 5. The negative electrode in accordance with claim 1 4, wherein said particulate modified styrene-butadiene rubber 
contains a copolymer comprising an acrylonitrile unit, a styrene unit, and a butadiene unit. 

10 16. The negative electrode in accordance with claim 15, wherein said copolymer is in a form of a core-shell type 

particle. 

1 7. The negative electrode in accordance with claim 1 6, wherein, in a FT-I R absorption spectrum of said copolymer, 
the intensity of the absorption peak attributed to C=N stretching vibration in said acrylonitrile unit is 0.1 to 2 times 
the intensity of the absorption peak attributed to C=C stretching vibration in said butadiene unit. 

15 

Claims 

1 . A negative electrode for a non-aqueous electrolyte secondary battery comprising: a carbon material as an active 
20 material; and a particulate modified styrene-butadiene rubber as a binder; wherein the surface area of said carbon 

material is 300 to 600 m 2 per 1 gram of said particulate modified styrene-butadiene rubber. 

2. A negative electrode according to any one of claim 1 wherein said particulate modified styrene-butadiene rubber 
contains a copolymer comprising an acrylonitrile unit, a styrene unit and a butadiene unit. 



25 



3. A negative electrode according to claim 2 wherein said copolymer is in a form of a core-shell type particle. 



4. A negative electrode according to claim 3 wherein, in a FT-IR absorption spectrum of said copolymer, the intensity 
of the absorption peak attributed to C=N stretching vibration in said acrylonitrile unit is 0.1 to 2 times the intensity 

30 of the absorption peak attributed to C=C stretching vibration in said butadiene unit. 

5. A negative electrode according to any one of claims 1 to 4 wherein the mean particle size of said particulate 
modified styrene-butadiene rubber is 0.05 to 0.4 \im. 

35 6. A negative electrode according to any one of the preceding claims which comprises 0.7 to 1 .2 parts by weight of 
a thickening agent per 100 parts by weight of said carbon material and 0.6 to 1 .7 parts per weight of particulate 
modified styrene-butadiene rubber as a binder per 100 parts by weight of said carbon material; and wherein the 
total amount of said particulate modified styrene-butadiene rubber and said thickening agent is 1 .3 to 2.4 parts by 
weight per 1 00 parts by weight of said carbon material. 

40 

7. A non-aqueous electrolyte secondary battery comprising a negative electrode according to any one of the preced- 
ing claims. 

8. A non-aqueous electrolyte secondary battery according to claim 7 further comprising: 

45 

a positive electrode comprising a compound oxide containing lithium; 

a separator interposed between said positive electrode and the negative electrode; and 

a non-aqueous electrolyte. 

50 9. a non-aqueous electrolyte secondary battery according to claim 8 wherein the non-aqueous electrolyte comprises 
a non-aqueous solvent and LiPF 6 dissolved therein and the concentration of LiPF 6 in said non-aqueous electrolyte 
is 0.6 to 1.05 mole/liter. 

10. A negative electrode for a non-aqueous electrolyte secondary battery comprising: a carbon material as an active 
55 material; 0.6 to 1 .7 parts per weight of a particulate modified styrene-butadiene rubber as a binder per 1 00 parts 

by weight of said carbon material; and 0.7 to 1 .2 parts by weight of thickening agent per 100 parts by weight of 
said carbon material; wherein the total amount of said particulate modified styrene-butadiene rubber and said 
thickening agent is 1 .3 to 2.4 parts by weight per 1 00 parts by weight of said carbon material. 
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11. A negative electrode according to claim 10 wherein said particulate modified styrene-butadiene rubber contains 
a copolymer comprising an acrylonitrile unit, a styrene unit and a butadiene unit. 

12. A negative electrode according to claim 11 wherein said copolymer is in a form of a core-shell type particle. 

13. A negative electrode according to claim 12 wherein, in a FT-IR absorption spectrum of said copolymer, the intensity 
of the absorption peak attributed to C=N stretching vibration in said acrylonitrile unit is 0.1 to 2 times the intensity 
of the absorption peak attributed to C=C stretching vibration in said butadiene unit. 

14. A non-aqueous electrolyte secondary battery comprising a negative electrode according to any one of claims 10 
to 1 3 which battery further comprises: 

a positive electrode comprising a compound oxide containing lithium; 

a separator interposed between said positive electrode and the negative electrode; and 

a non-aqueous electrolyte wherein the non-aqueous electrolyte comprises a non-aqueous solvent and LiPF 6 

dissolved therein and the concentration of LiPF 6 in said non-aqueous electrolyte is 0.6 to 1 .05 mole/liter. 

15. A non-aqueous electrolyte secondary battery according to claim 14 wherein the mean particle size of said partic- 
ulate modified styrene-butadiene rubber is 0.05 to 0.4 jam. 

16. A non-aqueous electrolyte secondary battery according to claim 14 wherein the thickening agent is carboxymethyl 
cellulose. 

17. A non-aqueous electrolyte secondary battery according to claim 9 or claim 14 wherein the concentration of LiPF 6 
in said non-aqueous electrolyte is 0.7 to 0.9 mole/liter. 

18. A non-aqueous electrolyte secondary battery according to any one of claims 7 to 9 or claim 14 wherein said positive 
electrode contains 0.4 to 2 parts by weight of a particulate modified acrylic rubber per 1 00 parts by weight of said 
compound oxide, and said particulate modified acrylic rubber contains a copolymer comprising a 2-ethylhexylacr- 
ylate unit, an acrylic acid unit and an acrylonitrile unit. 

19. A non-aqueous electrolyte secondary battery according to claim 18 wherein, in a FT-IR absorption spectrum of 
said copolymer, the intensity of the absorption peak attributed to the C=0 stretching vibration in said 2-ethylhex- 
ylacrylate unit and said acrylic unit is 3 to 50 times the intensity of the absorption peak attributed to C=N stretching 
vibration in said acrylonitrile unit. 
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ABSTRACT: 



CHG DATE=20041123 STATUS=0>A non-aqueous 
electrolyte battery is provided, which exhibits good 
high-rate discharge characteristics and low- 
temperature characteristics and ensures high safety 
when the negative electrode contains 0.6 to 1.7 parts 
by weight of a particulate modified styrene-butadiene 
rubber as a binder and 0.7 to 1.2 parts by weight of a 
thickening agent so that the total amount of the binder 
and thickening agent is 1.3 to 2.4 parts by weight per 
100 parts by weight of a carbon material as an active 
material, and the concentration of LiPF6 in the non- 
aqueous electrolyte is 0.6 to 1.05 mole/liter. The 
surface area of the active material effectively 
contributable to charging and discharging reaction is 
sufficient when the surface area of the carbon material 
per 1 g of the binder contained in the negative 
electrode is 300 to 600 m2. 
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